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BART 1 - OBSERVATIONS 

A. Accomplishments During the Month of  January 1964 

A total of sixteen days were suitable for observation during the month of February. 

The January data, which was not included in the report for that month, and the February 

data are attached. The data i s  presented in a form, though different from that used i n  

previous reports, should be self-explanatory. 

Five regions on the lunar surface have been chosen to i I lustrate the data to date 

They are: 

1 The mountainous region in  the southwest quadrant, covering 

roughly !? east longitude to 20° west longitude, and Oo 

latitude to 40° south latitude. 

The region in the southeast quandrant, containing the maria 

Nubium and Humorvm, extending from about 5" east longitude 

to 40° east longitude, and from !? south latitude to 30° south 

latitude 

The region coptairajrag the craters Copernicus and Kepler, 

extending from 0' latitude to about 20° north latitude, and 

from 10' east loslgitude to about 40' east longitude. 

The region of Mare Ilmbrium, extending from 5" west longi- 

tude to 30° east longitude, and from about 20' north latitude 

to 50' north latitude. 

2. 

3. 

4. 

5. The region in central west and northwest quadrant, containing 

the maria Serenitatis and %ranql_ai I l i+n_tts,  extend in^ scmewhst 

diagonally across the region between 5" west longitude to 40° 

west longitude, and 0' latitude to 40' north latitude. 

The antenna temperatures for each region, corrected for atmospheric attenuation by 

' e procedure described in  the Monthly Progress Report b r  January 1964, are shown in the 
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attached figures. The horizontal bars on the data points indicate the approximate range 

of  phase angles cvercged cver one beamwidth. 

B. Program for the Month o f  March 1964 

1. Lunar observations w i l l  continue. 

2. The density of data points is becoming so large that i t  i s  difficult 

now to plot some of  them as individual points. Beginning with the 

cumulative data through March 1964, data points for the month w i l l  

be found by averaging al l  points i n  each 20 degree phase angle 

increment. This method w i l l  give 18 points per lunation, each with 

a measure o f  the dispersion found from the averaging procedure. 
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OBSERVATIONS OF THE LUNAR ECLIPSE OF DECEMBER 31, 1964 AT 

8.6 MM WAVELENGTH 

ADDENDUM I TO PART S 

1 .O INTRODUCTION 

The eclipse was not very suitable for microwave observations. The circumstances 

were such that both penumbral and umbral phases occurred when the elevation angles of  the 

moon were small. The disadvantages o f  low elevation angles are: 

1 e The moon sets before any sensible cooling at 

microwave frequencies can be observed I) 

Corrections for atmospheric attenuation become 

very large and therefore should be known accurately. 

The usual plane earth assumption that leads to the 

e 

e levation angles 

The antenna pointing errors are not known at large 

hour angles. 

2 

3. 

' correction becomes questionable at small 

4. 

The maior effects of the above considerations on the observations were: 

1 .  The moon must be pointed radiometrically before 

each observation. 

2. Data points should be gathered as rapidly as possible 

since l i t t le  time i s  available for observation. 

2.0 OBJECTIVE OF OBSERVATIONAL PROGRAM 

The objective o f  the observational program was to obtain drift scans through the 

subterrestrial point beginning some time prior to the penumbral phase and continuing 

unti I moonset. Each drift curve would be accompanied by a calibrate signal e 

As a control experiment, observations would also be made the following day, 

cember 31 , 1963, using the identical procedure that was followed on the day of the 

e c I i pse . 
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3.0 OBSERVATIONAL PROCEDURE 

Observations began one hour prior to the beginning the penumbral phase. A 

sequence of  scans was initiated as foIlows: 

1 The center of  the lunar disk was located by the 

same procedure used for the regular lunar obser- 

vations. (Reference: Technical Progress Report 

No. 

The antenna beam was positioned West ob the moon. 

After completion of the drift scan, a calibrate signal, 

nominally 100 K, was turned on for approximately 15 

2. 

3. 
0 

seconds. 

4. Repeat 1 through 3. 

The time between drift scans was approximately 15 minutes. The following 

inkrmation was recorded on the chart paper for each scan: 

1 Eastern Standard Time 

2. Hour Angle 

3, Declination 

A total o f  seventeen scans were made before sunset on December 30 and sixteen 

on December 31, 1963. 

The data for each day was stored i n  appropriately marked tubular cardboard 

containers. 

4.0 DATA REDUCTION 
~~ 

The data to be evaluated consisted of seventeen drift curves made on December 30, 

1963 and sixteen on December 31 1963. Each drift was accompanied by a nominal 100°K 

calibrate signal a 
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4.1 Obiectives 

The objective was to compare antenna temperatures as a function of  time for the 

two days of  observation in  order to determine if any measurable decrease in  temperature 

during the eclipse occurred. Antenna temperatures from several selected regions were to 

be considered e 

Al I temperatures would be corrected for atmospheric attenuation, the effect o f  

which would be considerable because o f  the small elevation angles involved. 

5.0 DATA REDUCTION PROCEDURE 

5.1 Lunar Areas Considered 

Antenna temperatures were taken from the center o f  each drift curve and on each 

side of center halfway to the edges. These points, i n  terms of the lunar surface, correspond 

to the fol lowi ng regions: 

1 .  The region containing the craters Coprnicus 

and Kepler (30' east longitude) 

2. The subterrestrial region 

3. The region containing Mare Tranquillitatis 

(30° west longitude) 

5 2 Antenna Temperatures 

The antenna temperatures corresponding to the desired points on the drift curves 

were obtained by the following steps: 

1 Smooth curves were drawn through each drift scan 

and straight lines through each calibrate signal 

Changes in antenna temperature comparable in 

width to the antenna beamwidth were followed, 

where short term changes due to receiver fluctuations 

were averaged e 
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2. Points on the drift curve corresponding to the center 

and edges of the lunar disk were found by the siime 

procedure foliowed i~ regular lunar data reduction 

procedure (Reference: Technical Progress Report 

NO. 7). The location of  points on the center and 

halfway to each edge were marked, 

The height of these points and the calibrate signal 

above the baseline were measured in centimeters 

3. 

4. Antenna temperatures corresponding to the three 

points i n  question were calculated for each drift 

curve and tabulated 

5.3 Elevation Angles 

The elevation angles at which eack drift scan was made were calculated from: 

Sin E = Sin S S i n  A + cos 6 cos A cos (2, 

where : 

E = elevation angle 

= latitude o f  the radio observatory 

6 = dec!ination of the moon 

(2, = hour angle of the moon 

5.4 Atmospheric Attenuation Corrections 

In order to correct for atmospheric attenuation, the antenna temperatures on both 

days were increased by the factor e ' ' li where 't' the opacity was taken as 0,05, 

and 0 i s  the zenith angle for each measurement. The choice of0.05 for the opacity was to 

be verified from how well the corrected antenna temperatures from the December 31 data 

remained constant 

Subsequently, i t  was discovered from the more recent literature that the atmospheric 

or  --ity at 8.5 millimeters wavelength should fluctuate significanfly with the atmospheric 
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water vapor content. A l l  antema temperatures then recorrected using ‘f = 0.0276 

for oxygen and ‘f = 0.006 per gm/m at the surface for water vapor. The total opacity 

i s  the sum of  the two opacities wi th  the contribution from water vapor caiculated from the 

actual surface water vapor content at the time o f  observations. 

3 

From the values of  outside temperature and relative humidity, the absolute humidity 

was calculated as follows: 

where : 

e =  
m =  

W 

m =  

P =  

R =  

T =  

(RH) = 

absolute humidity 

molecular weight o f  water vapor 

rnolecerllar weight o f  air 

saturation vapor pressure 

gas constant 

temperature (absolute) 

relative humidity 

The saturation pressure at the desired temperature i s  found from standard meteorological 

tables or charts. 

The opacities were found to be 0,039 for December 30 and 0,043 for December 31 

Recorrection of  the antenna temperatures gave results that were no different from those 

obtained using I = 0.05 within the error of measurement. 



-8- 

6.0 REDUCED DATA 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

The reduced data for December 30 i s  shown i n  the table below. 

December 30 

48 

43 

40 

36 

33 

30 

25 

24 

21 

18 

16 

14 

1 1  

9 

7 

5 

2 

102 

105 

103 

107 

100 

103 

108 

100 

100 

97 

95 

93 

92 

80 

80 

66 

36 

105 

107 

113 

105 

102 

102 

102 

102 

103 

95 

91 

9o 

90 

82 

79 

63 

36 

95 

95 

95 

95 

90 

92 

91 

90 

92 

85 

87 

82 

80 

75 

69 

55 

34 

Uncorrected Antenna exp. Corrected Antenna 
E Temperature 0.039 Temperature 

Scan deg 1 2 3 sec 0 1 2 3 
1.048 

1.059 

1.064 

1.069 

1 -075 

1.082 

1.093 

1 0  101 

1.114 

1 134 

1 154 

1 0  174 

1.245 

1.290 

1.396 

1.610 

2.890 

107 

1 1 1  

109 

114 

107 

1 1 1  

109 

1.10 

111 

110 

110 

109 

114 

103 

112 

106 

104 

110 

113 

120 

112 

110 

110 

1 1 1  

112 

115 

108 

105 

106 

112 

106 

110 

101 

104 

99 

10 1 

10 1 

101 

97 

99 

99 

99 

102 

96 

100 

96 

100 

97 

96 

88 

98 

The temperatures are i n  degrees Kelvin, E is the eeevation angle and 0 is the zenith 

angle. The numerals 1 

region; and 30 east longitude, respectively. 

2, and 3 refer to the areas at 30° west longitude, subterrestrial 

0 
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The reduced data for the day following the eclipse, December 31, 1963, i s  shown 

The notation i s  the same as in the preceding table below 

December 31 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

7 - 0  

40 

37 

35 

33 

31 

27 

25 

23 

20 

17 

15 

13 

1 1  

9 

7 

5 

102 

102 

102 

102 

102 

98 

100 

103 

100 

100 

95 

90 

87 

82 

72 

61 

105 

105 

105 

105 

105 

102 

102 

105 

100 

103 

1 00 

92 

90 

85 

75 

61 

97 

95 

97 

95 

95 

92 

92 

95 

92 

89 

87 

82 

82 

74 

70 

56 

1.069 

1.074 

1.078 

1.084 

1 -087 

1.098 

1.110 

1.119 

1 134 

1 0  154 

1 0  177 

1.213 

1.264 

1.316 

1.443 

1.688 

Uncorrected Antenna exp Corrected Antenna 

1 2 3 
E Temperature 0 043 Tem pe ra ture 

deg 1 2 3 sec 0 Scan 

109 

109 

110 

110 

1 1 1  

108 

1 1 1  

115 

113 

115 

112 

109 

110 

108 

104 

103 

112 

113 

113 

114 

114 

112 

113 

117 

113 

119 

118 

116 

114 

112 

108 

103 

10.8 

102 

104 

103 

103 

10 1 

102 

106 

104 

103 

102 

99 

104 

97 

10 1 

94 

1 

b 

ANALYSIS AND CONCLUSlONS 

The temperatures tabulated in the preceding section are shown as a function of 

elevation angle in  the attached figures. 

As can be seen, the antenna temperatures behave the same, within experimental 

error, for both days of  observation, There is, therefore, no detectable decrease in  

b 
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temperature at 8,6 MM wavelength for a l l  three regions observed. These results are in 

agreement with lunation measurements; any temperature decline, i f  detectable, would 

not be expected to occur until after moonset for this longitude. 
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PART I I  - THEORETICAL MODEL STUDIES 

A .  ACCOMPLISHMENTS DQRING T ! I E  __-____.._ h?QNTH OF FEBRUARY, 1964 

The primary effort during the month of February was in  the preparation for 

programming of the theomtical microwave eclipse model, which w i l l  be used for com- 

parison with the Aerospace Corporation 93 Gc microwave data referred to in  the January 

Monthly Report 

In addition to the theoretical effort referred to above, further contacts have 

been made with leading infrared and radio experimenters who have in the past concentrated 

a significant portiorraf their efforts toward lunar research 

Saari and ShorttTifI of the Boeing Scientific Research Laboratory and Sinton of Lowell 

Observatory. The data taken by Saari and Shorthill of Boeing and Sinton of the Lowell 

Observatory during the total phase of the eclipse of December 30th, has questionable value 

due to adverse weather conbitions. However, the principle investigator has been invited 

to visit their laborrttories-fur a more thorough review of the data previously obtained and, 

in  addition, a discussiorruf future data requirements from the theoretical point of view 

These contacts were made with 

€3. PROGRAM FOR THE MONTH OF MARCH, 1964 

A trip during the latter portion of March to both Lowell Observatory and the 

Boeing Scientific Research Laboratory i s  planned for the discussion of current and future 

infrared observing programs for the moon. in addition, the theoretical work referred to 

above w i l l  continue as planned. 
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PART Ill - INVESTIGATION OF 1NSTRUMENT PARAMETERS 

A.  ACCOMPLISHMENTS DURING THE MONTH OF FEBRUARY 1964 

The Part 1I1 portion of the Lunar Research Program i s  concentrating attention i n  

the following areas: 

Measurement of instrument Parameters 

Investigation of fee hniques of observations 

Investigation of Atmospheric Effects 

Efforts during the month of February were directed primarily to: 

Continuation of Solar Patrol Observations to determine 

antenna pointing errors 

Theoretical investigation of atmospheric effects 

Design and fabrication of equipments required to carry 

out instrument measurements 

As indicated in the previous monthly reportt, i t was anticipated that the approach 

to solar observations wowld be revised to accommodate the technique described in 

Addendum I to Part III of the January Report- This was not accomplished in view of the 

fact that certain additional graphical material and training was required before initiating 

the effort 

normally assigned to this portion of the effort was made available to the Part I effort 

(Lunar Observations) to assist in the data seduction of a large amount of material that 

had been accumulated, Minor changes in the solar observing program initiated in 

mid-December were introduced to a1 low for appropriate correction of data Solar ob- 

servations carried out between December 15 and March 1, initiated under the direction 

of Wcrren Tyler, w i l l  be reduced and be presented as the subject of a separate addendum 

t -  

In view of the excel lent  observing conditions during February, the observer 

his portion of the next monthly report, 
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Our investigation of the theoretical ospects of atmospheric effects and methods 

for data correction was completed during the month of February, A report on this 

subject prepared by Paul Kalaghan i s  included here as Addendum 8 .  

Design and fabrication of auxiliary equiprnents for instrument measurements was 

initiated in  the areas of: 

Hohl raum 

Video channel 

Noise calibration sequence timer 

Though the original intent was to provide a hohlraum for the feed system which 

could be placed in  position over the feed by remote control, i t  was determined that 

the complexity of such an arrangement was not warranted at this time, in light of the 

number of mecrsurements required in this mode of operation We therefore designed a 

hohlruum configuration which w i l l  be placed in  position over the feed manually. The 

results of init ial tests w i l l  indicate whether or not the need remains for incorporating 

a remote form of operation 

The utilization of a hohlraum for these tests i s  somewhat unusual for calibration 

of the radiometric system, since i t s  prime function i s  to terminate the input to the 

radiometer in a matched load at room temperature. This  i s  normally achieved by the 

introduction of a waveguide switch whish connects the input of the receiver either to 

the antenna output terminal or to a matched load. The hohlraum i s  necessitated by the 

fact that we have elected not to disturb the present radjometer feed configuration, since 

this would negate the large amount of data already accumulated on antenna pointing 

errors 

We currently anticipate installing the more conventional mode of waveguide 

itch operation for input termination of the radiometer at a later date, determined 

primarily by the availability of the beacon transmitter at Blue Hills, which w i l l  afford 
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the opportunity to,quickly verify the antenna pointing position. Determination of antenna 

pointirlg error without a beacon i s  a rather involved process requiring solar and lunar 

observations to provide even CI fixed position pointing error, Additional solar obser- 

vations will, of course, be required even with the availability of the Blue Hil ls 

Transmitter, since by this technique we determine the general form of pedestal position 

and drive errors, F w n a t e l y ,  much of this type of information has already been accumu- 

lated and i-s bemg expanded as a result of the Solar Observing Program. Once this in- 

formation i s  completely available, we wi l l  be able to make immediate dial corrections 

for any modification i n  feed position, through one radio boresight measurement of antenna 

position, on the Blue Hills Transmitter. 

Design was cmpleted and fabrication initiated on a separate parallel video 

channel to provide longer integration times than available with the current receiving 

system: 

was carefully reviewed to assure that there would be no interference with the present 

receiving system by the introduction o f  the parallel channel Our prime objective i n  

the introduction of this auxiliary circuit i s  that i t  not modify or change in  any way the 

Here again, as i n  the case of the hohlraum for the feed system, the approach 

present d o e  and integration output circuit of the receiving system, which provides a 

balanced input to the Sanborn Recorder. Our design approach bo the parallel channel 

configuration i s  based on introducing the balanced output from the present receiver into 

a Philbrick (P2) amplifier whose output then feeds a "gain compensated" integrator. The 

output of the variable time constant gain compensated integrator feeds the doc .  signal 

to the 5 meg ohm input of the Sanborn Recorder. A nominal gain of 1.5 i s  required for 

the Philbrick amplifies, This gain i s  adjusted to assure nominal unity gain, from the 

balanced output of the present receiving system to the recorder input, i .e , the gain of 

the Philbrick wi l l  offset the loss of the gain cornpensated integrator to meet the unity 

gain requirement. Fabrication of this unit has been initiated. 

vatory i s  scheduled for early March 

Installation at the Obser- 
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The third item scheduled for design and f9brlcati52n during the month of FebvJary, 

was a sequence timer to  provide automatic operation of the noise calibration signal at the 

input to the radiometer, during unattended periods of operation 

interest which wi l l  be measured, using this automatic sequences, w i l l  be the gain stdbility 

of the radiometer during prolonged periods of operation as opposed to a period of a few 

hours following tum-on. The sequence timer has been designed and provides an "off" 

time adjustable over a period of 0 - 10 minutes and an "on" time adjustable over 0 - 120 

seconds, The output of the sequence timer feeds a doc  signal to the noise tube control 

circuit 

ignition signals to the gas tube, until firing i s  achieved. When the tube has been fired 

by the automatic pulse circuit, feedback of tube current shuts off the automatic pulser. 

Removal of the d o c s  signal to the gas tube control circuit by action of the sequence 

timer, shuts off the gas tube, 

The first parameter of 

This timing signal initiates an automatic pulse circuit which provides repetitive 

Design of the sequence timer has been completed. Fabrication has been initiated 

and installation at the Observatory i s  anticipated early in  March 

During the Month of February several approaches to the design of the beacon trans- 

mitter for Blue Hills were considered and preliminary discussions on this subject initiated 

with Professor Goody of the Blue Hills Observatory. As a result of our study we recognize 

that this field installation could quite possibly involve a substantial investment i f  the 

design i s  not approached i n  simple steps. We have decided to initiate a design which 

involves the absolute rninimwm of hardware in  the first configuration and through actual 

operation determine the degree to whish additional controls may be deemed advisable ., 

The design i s  based on the following considerations: 

1 Little or no temperature or frequency control for 

the klystron 

The klystron parabolic antenna and feed system wi l l  

be installed i n  a light metal frame box open at one 

end 

2, 
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3 .  The epsn end (transmitting end)wiii 'be covered with 

a thin sheet of Mylar, 

4,  The open end ofthe box wi l l  be tapered with respect 

to the vertical plane to minimize the effect of water 

accumulation on the Mylar sheet, under rainy condi- 

tions e 

No provision w i l l  be made at this time for remote control of the transmitter from 

the Observatory. initial tests wi l l  be carried out by iocating an operator at Blue Hills. 

Frequency stability under changes in environmental temperature are the principal area 

of concern. Our first approach to overcoming this difficulty w i l l  be an attempt to 

"track" the Blue Hills oscillator with the receiver at the Observatory, based on know- 

ledge of the internal transmitter box temperature at Blue Hills, 

Phis approach w i l l  provide us immediate information on the efficacy of the 

Blue k l i l  I s  transmitter technique, particularly in  regard to a prel iminasy determination 

of antenna patterns 

circuits may be desirable w i l l  be based on operating history, 

Determination of what additional temperature and remote control 

B. PROGRAM FOR THE MONTH OF MARCH 1964 

1 ,  Installation of the hohlrawm, video channel and noise cali- 

bration sequence timer at the Observatory. 

2. Accumulation of preliminary test data on radiometer gain 

stability with input terminated, when operated for relatively 

short versus prolonged periods of time 

Accumulation ob data to establish the comparative sensitivity 

and baseline stability of the radiometric system for various 

integration time constants, longer than those now achievable 

with the present system. 

3. 
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4. The report on solar observations during the period from 

December 16 through March 1 describing methods of approach, 

format of data presentation, methods of analysis and conclusions 

w i l l  be included as an Addendum to Part I l l  of the March Report. 

Preliminary fabrication of the beacon transmitter for instal lation 

at Blue Hi l ls  was initiated during the month of February, through 

procurement of long-lead items. The design layout for installa- 

tion at Blue Hil ls w i l l  be completed in March and fabrication 

of this unit should be approximately 50% complete. 

5 .  
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ADDENDUM B TO PART 111  

1 .o Theoretical Considerotions 

The physical and chemical properties o f  the atmosphere vary significantly with altitude 

Convenient starting points toward the development of  the expressions and relationships necessary 

to evolve tables o f  values descriptive of the earth's atmosphere are the ldeal Gas Laws and the 

H ydrosta t i c Equation 

The equation o f  state o f  an ideal gas is :  

p = -  MP 
RT 

Where P i s  the atmospheric pressure,p i s  the air density, R i s  the universal gas constant, 6 

i s  the absolute temperature, and M i s  the molecular weight o f  the gas. As would be expected, 

a l l  o f  the above quantities vary w i t h  height, Z, except R. It may be noted that M, the mean 

molecular weight o f  air, i s  assumed to be constant up to an altitude o f  90 km, while above 

this altitude M varies because o f  increasing dissociation and diffusive separation. 

Assuming that the atmosphere i s  static with respect to the earth, the hydrostatic 

equation may be written: 

d P  = -P g d Z  

where P, P, and Z are as defined and g i s  the acceleration due to gravity. Strictly speaking 

Z, the geometric 

force from the i n  question, However, the 

along a gravitational line o f  

differences between this definition of  Z and the straight line distance i s  negligible for the 

heights o f  interest here. 

As a final parameter of significance i n  describing the atmosphere consider the geo- 

potentia! altitude H defined as: 

H =i$ d Z  



I 
I 
4 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

-19- 

or 

d H  = L  d Z  
90 

where g is the sea level value of the gravitational acceleration. Physically, bl corresponds 

to a distance measured along a line of force, but also weighted by the value of  the gravitational 

f ield at each point. With this definition, the hydrostatic equation simplifies to: 

0 

d P = ~ p 8 . d  H 

0 1 2.0 Measurement Data 

Up to Z = 90 km the q lecu la r  weight M i s  taken as constant at 28.9644 and i s  obtained 

from the perfect gas law and the sea level values of temperature, pressurea and density. 

Above 90 km because of  molecular dissociation and diffusive separation, M decreases as 

shown in Figure 1 

The molecular-scale temperature, TMf i s  defined by: 

M 

This quantity i s  o f  importance since the determination of  the atmospheric temperature T at 

great altitudes using conventional measurement techniques, requires a knowledge of the 

molecular weight M of the air at that altitude. Without a knowledge of  M, the measurements 

yield only the ratio T/M. Because of the uncertainties i n  the value of  M, rocket temperature 

measurements are confined to T/M without great loss since T/M also plays a fundamental 

role i n  the ideal gas law when pressure and density are desired. Since M/Mo = 1 at a l l  

altitudes up to  90 km, we have TM = T in this region, Above 90 km due to the variation 

in M, T w i l l  generally be less than the molecular scale temperature T,,,, which i s  what i s  

actually measured. Figures 2 and 3 illustrate the altitude dependence of T and TMo 

Within an atmospheric layer throughout which TM i s  a linear function of H, the hydro- 

static equation and perfect gas law yield: 
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and 

where o( i s  the rate o f  change of molecuh scale temperature with geopotential altitude,i.e. 

d H  
and 

0 
h = H - H  

Using the values of  T 

pressure is as shown in  Figure 4, 

obtained from rocket data, etc. I the altitude dependence of the M 

As an additional variable, the atmospheric density p can be calculated from the 

pressure P and the molecusar scale temperature T by the perfect gas law M 

The resulting variation of /J with altitude Z .J  illustrated in  Figure 5. These temperature, 

density, and pressure profiles can now be used i n  determining the attenuation throughout 

a vertical path through the atmosphere once the density, pressure, and temperature dependence 

o f  the absorption coefficienh are specifically defined. 

3.0 Atmospheric Absorption 

Using the model given above to describe the physical configuration of  the atmosphere, 

i t  remains to examine the particular constituents giving use to the absorption process. For a 

fsequepey of  35 kmc, these constituents causing energy absorption are water vapor and mole- 

cur oxygen. 
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3.1 Water Vapor Absorption 

The water molecule has an asymmetric top structure whose electric dipole moment 

couples with the incident electromagnetic field to produce rotational lines from a frequency 

of  22 Gc to frequencies we!% into the infrared region o f  the spectrum. Collision broadening 

i s  important enough to cause the skirts o f  many of these lines to yield significant attenuation 

at 35 Gc even though i t  i s  well removed from the 22 Gc line itself. 
(10) 

e4 

for incident energy at a fi-equency 3, due to a resonance at frequency 21 i s :  

Using the Van Vleck equation, the water vapor absorption coefficient, 3 (V ) J  

0 

where I 

A n E 
o(= 3,3x 10 22 (loglo e) 8 T f / U L  e-; 

3 G k c  

& = line width parameter 

= H2 0 molecular resonance frequency 

"J = incident frequency 

k = Boitsmann constant 

G = molecular partition bnction 1092 e -545D for T around 293OK 

).L2 = "effective" dipole measurement after weighting by nuclear spin 

and line strength terms 

E = energy of  initial state 

p = water vapor density 

'3b 
King, Hairier., and Cross ave calculated the line strengths for a l l  possible transitions for 

@ (51 
H 2 0  from J = 1 to d = 6. Energy Bevelsf calculated by Dennison, are given by Van Vleck 

for the same range in J .  The largest uncertainty, however, i s  in  the line width, 
C6P 

with Tr-Ebert, Bond and Coates recommending a value o f 6  Gc although this value i s  not 

c jether satisfactory either 

in order to arrive at a zenith attenuation, x(v)  above must be integrated along a 

vertical path through the atmosphere characterized by the pressure and temperature profi les 
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cmtcined is: Figures 2 and 4, This task i s  mi;& sirnpl6fied by *he fact that ^$(':jdepereds 

on the partial pressure due to water vapor above (not the total presrune) and this partiuj 

pressure drops off more rap?dly with height than does the total pressure. Thus h e  integration 

need only be carried out to astitudes of 10 km for an average case. 

This method tacitly assumes a knowledge o f  the exact height variation of the H 0 vapor 2 
at the time of  observatiov. 

measurement together with the distribution k ~ m  a Model Atmosphere must be employed in  

place o f  data such as would come from a true height profile measurement by means of  a 

Usually this dependence i s  not known so that a ground level 

radiosonde e 

(8) 
Barrett kas indicated that an 

good approximation to the average 

exponen+ial variatjon with a scale height o f  5 km i s  a 

condition existing i n  the atmosphere i n  the Boston area. 

Using this type height variation in 

attenuation given in  Figure 7 rerults as a function of  the surface value of vapor density 

measured at the time o f  observation. 

and the terngerature variation i n  Figure 2, the P 

The determination of ground level water vapor density i s  done as foOIlows: first, the 

arnbiept temperature and relative humidify are measured with normal thermometer and 

psychometer. The temperature i s  used to determine the value (Figure 8) of the water vapor 

density i n  a saturated atmosphere at this temperature. The actual water vapor density i s  

obtained by multiplying the saturated density value from Figure 8 by the relative humidity 

previously measured. The appropriate absorption i s  then obtained from Figure 7 for this value. 

3.2 Molecular Oxygen Absorption 

Oxygen i s  an electrically non-polar moleculle and would not be expected to interact 

with microwave radiation. However, the molecule does exhibit a magnetic dipole moment. 

This  magnetic moment i s  very weak in  comparison with usually encountered electric dipole 

rnomert5, but due to the high percentage o f  oxygen in  air and the long transmission paths, 

*F ype absorption become appreciable. 
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From the Van Vleck derivation, the expression for the absorption coefficient ?hJ) 
for incident energy at frequency Y I due to resonances et frequency 2/ is d 

where 

* =  J ( 2 J + 3 )  
J +  1 

PJ+ 

A. - = ( J +  1) (2J-1) 

J 

p;o= 2(S2 + J + 1 )  (2J + 1) - 
J (d + 1) 

E,/kT = 2.07 J (d + 1 ) / T  

where 

P 

T 

= partial pressure o f  molecular oxygen 

= temperature in (O K) 

= incident frequency 

VJ = resonance frequency of  oxygen molecule 

K = Bo 1 tzrnann’s Constant 

EJ 
J 

= energy o f  init ial molecular state 

= total angular momentum quantum number 

(The resonance frequencies y d+ and VJ - have been callcullabed for al l  transitions from 

“I = 1 to d 45 and are given i n  Meeks and LiIley.) 
(7) 
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Since the a h v e  expression gives the attenuation through a 1 km portion of  the 

atmosphere at temperature T and pressure Po the total zenith attenuation can only be 

obtained by integrating the dC/)exprersion aver the temperature and pressure profile 

ocsurPing along Q vertical ray path. 

The effect of  the atmospheric model employed i n  integrating such an expression 

tkroughout the ray path can be seen by aaofiog the strong pressure and temperature 

dependence expressed by the (- ) factor P 
T3 

Bn addition, the line width parameter 

a3/ i s  also a fupction of  pressure aQd temperafure, although the exact dependence is, 

as with water vapor, still rrnkaowrl, A seasonable approach to this problem i s  the empirical 

expression used by Li!ley and Meeks whick contaim a linear pressure dependence, a T 

temperature dependence and an a!titude dependent pressure broadening factor The net 

result is a steadily decreasing line width parameter w i th  Q value of  about 800 Mc at sea 

level, 10 Mc at 30 km, and 100 Kc ab 80 km when an ARDC model atmosphere i s  assumed. 

-.85 

Utilizing this form of  line width variation, the above Van Vleck type absorption 

cs) 
coefficient, and the model atmosphere given, Meeks arrives at Q zenith attenuation o f  

0.12 db, One fortunate aspect o f  this absorption i s  that i t  i s  relatively stable and does not 

vary with time of observation and local weather conditions as does the water vapor absorption, 

3,3 Non-Vertical Ray Paths 

lt should be noted that all the above attenuations have been based on ray paths rising 

vertically through the atmosphere, i .e., with a 0' zenith angle. For zenith angles 

limited to less than 70° and assuming a horizontally stratified atmosphere, tke variation 

in attenuation with zenith angle may be written: 

where r(0) i s  the zenith value o f  the attenuation previously calculated. 
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DAILY REPORT 

LUNAR OBSERVING PROGRAM 

CONTRACT NO. NASW-593 

Date: January 11, 1964 

Time of Observation: 

From 0930 To 1 100 

Number of Scans: 7 

Beginning and Ending RA: 

Beginning and Ending Declination: 

Beginning and Ending Hour Angle: 

Time of Meridional Crossing: 10:15 EST 

Solar Declination: -21' 59' 

Solar Colongitude : 234' 

REMARKS 

Observers : Cope land 

Lunar Phase: 144O 

Polar A x i s  T i l t  Angle: 8" 

Angular Size of Moon: 29' 34" 

Weather Conditions: Clear 

Temperature (outside) : 28' 

Temperature (radome) : 72' 

Relative Humidity: 33% 

Dew Point: -170 F 

Declination of Center 
(Dial Reading) -20' 24' 00" 
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LUNAR OBSERVAJION&L DATA 

Date: January 11 I 1964 

SCAN A B C D E - F G 
Antenna Temp. 64.7 69.5 68.5 
Phase Angle 260 134 109 
Latitude -56 -53 -49 
Longitude W16 E10 E 35 
Antenna Temp. 70.9 78.5 79.6 78.0 75.8 
Phase Angle 1 79 158 139 121 101 

Antenna Temp. 67.4 79.3 84.7 86.8 86.8 86.3 77.1 
Phase Angle 200 1 76 158 1 42 126 108 86 
La ti tude -22 -20 -17 -15 -1 3 -1 1 - 9  

W56 W32 W 14 E02 E 18 E 36 E 58 
Antenna Tempo 73.5 82.0 85.8 89.6 90.1 89.0 83.6 
Phase Angle 198 1 76 160 144 128 112 90 
La ti tude -06 -05 -02 0 4-02 4-04 4-07 
Longitude W54 W32 W 16 0 E 16 E 32 E 54 

La ti tu de -37 -35 -32 -30 -27 
Longitude W35 W14 E05 E23 E43 

Antenna Temp. 74.1 83.3 87.7 
Phase Angle 203 1 79 1 62 
Latitude 4-09 +12 +14 
Lonaibde W59 W35 W18 

89.9 
146 
+16 
w 02 

88.8 85.6 82.2 

+20 E 56 
+18 
E 14 E 32 

130 112 88 
+22 

Antenna Temp. 81.7 86.5 87.7 
Phase Angle 1 87 167 1 49 
Latitude +27 +30 +33 
Lonaifude W43 W23 W05 

88.3 
130 
+35 
E 14 

86.5 
109 
+38 
E 35 

Antenna Temp. 87.4 90.6 90.6 
Phase Angle 1 79 154 126 
Latitude +50 +53 +57 
Longitude W35 W10 E18 



DAILY REPORT 

LUNAR OBSERVING PROGRAM 

CONTRACT NO. NASw-593 

Date: January 16, 1964 

Time of Observation: 

From 1245 EST to 1415 EST 

Number of Scans: 7 

Beginning and Ending RA: 21h23m27s 

2 1 h26m44s 

Observer: No Guido 

Lunar Phase: 207' 

Polar A x i s  T i l t  Angle: 343.4' 

Angular Size of Moon: 30' 36" 

Weather Conditions: Clear but 
s I igh t haze 

Beginning and Ending Declination: -1  8O35'01 I' 

- 18°23'30" 

Temperature (outside) : 38O 

Beginning and Ending Hour Angle: E 00 la 41m56' 

W 00h44m45s 

Temperature (radome) : 71° 

Time of Meridional Crossing: 1330 EST Relative Humidity: 50% 

Solar Declination : -21°09'25" ~ e w  Point: 22' 

Solar Colongitude: 297' Declination o f  Center 
(Dial Reading) -18' 40' 43" 

REMARKS 

Declination error i s  11 26" South of  Ephemeris reading. 



LUNAR OBSERVATIONAL DATA 

Date: January 16, 1964 

SCAN A B C D E F G 
Antenna Temp. 72.6 72.5 68.6 
Phase Angle 250 229 204 
Latitude -44 -50 -58 
Longitude W43 W22 EO3 

1 

Antenna Temp. 77.1 82.3 82.3 79.4 76.8 
Phase Angle 253 234 218 200 178 

Longitude W 4 6  W27 W 1 1  E07 E 29 
Lati tude -2 1 -26 -3 1 -36 -42 2 

Antenna Temp. 72.5 80.1 84.4 84.5 83.4 81.1 75.8 
Phase Angle 266 244 227 21 1 196 178 153 

Longitude W59 W37 W20 W04 E 1 1  E29 E54 
Latitude -02 -06 -10 -1 5 -19 -2 4 -29 3 

Antenna Temp. 72.6 79.3 84.7 86.7 85.7 82.7 77.2 
Phase Angle 260 2 39 222 207 1 92 1 75 154 

Longitude W53 W32 W15 0 E 15 E 32 E 53 
Latitude +14 +09 +05 0 -05 -09 -14 

4 

Antenna Temp. 65.0 76.8 81.1 82.3 82.3 82.2 71.4 
Phase Angle 260 236 218 203 187 171 148 
Latitude +29 +24 +20 +15 +11 +06 4.02 
Longitude W 5 3  W29 W11 EO4 E20 E 36 E 59 

5 

Antenna Tempo 64.9 73.8 74.8 74.6 69.7 
Phase Angle 236 214 196 180 161 
Latitude +43 +37 +3 1 +26 +2 1 
Longitude W29 W07 E l l  E 27 E 4 6  

6 

Antenna Temp. 49.8 55.6 51.2 
Phase Angle 2 10 186 164 
Lati tude +58 +50 +44 
Long i tu de W03 E21 E43 

7 
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DAO LY REPORT 

LUNAR OBSERVING PP,OGP,AM 

CONTRACT NO. NASW-593 

Date: January 17, 1964 Observer: N, Guido 

Time of Observation : Lunar Phase: 219' 

From 1330 EST to 1500 EST Polar Axis T i l t  Angle: 339-9' 

Number of Scans: 7 Angular Size of Moon: 30' 52" 

Beginning and Ending RA: 22h 17m 12' 

22h 20m 25' 

Weather Conditions: Clear but hazy 

+?inning and Ending Declination: -14' 57' 03" Temperature (outside) : 35' 

-14' 42' 07" 

Temperature (radome) : 76O h Beginning and Ending Hour Angle: E 00 am 14' 

WOO' 40m 14' 

Time of Meridional Crossing: 1415 EST Relative Humidity: 54% 

Solar Declination: -20' 58' 14" Dew Point: 21° 

Solar Colongitude: 309' 

REMARKS 

Declination of Center 
(Dial Reading) -14' 59' 51" 

Declination error i s  10' 15" South of Ephemeris reading 



LUNAR OBSERVATIONAL DATA 

Date: January 17, 1964 

SCAN A B e D E F G 
Antenna Temp. 69.7 70.3 68.3 
Phase Angle 264 244 223 
La t 0 tu de -42 -49 -58 
Longitude W45 W25 W04 

Antenna Temp. 77.0 81.5 81.5 79.0 75.1 
Phase Angle 266 248 23 1 214 193 
Latitude -18 -24 -30 -36 -44 
Longitude W47 W29 W12 E05 E 26 

1 

2 

Antenna Temp. 71.8 81.4 86.2 87,7 85.2 82.2 76.3 
Phase Angle 278 255 240 225 209 192 1 67 
Lati tude +02 -04 -09 -15 -20 -26 -32 
Longitude W59 W36 W21 W06 E10 E27 E52 

3 

- 

Antenna Temp. 72.3 78.9 83.8 85.0 84.0 81.1 76.2 
Phase Angle 271 250 234 219 204 188 167 

Long I tu de W52 W31 W15 0 E 15 E 31 E 52 
La ti tude +I6 + I  1 +05 0 -05 -1 1 -16 

4 

Antenna Temp. 67.1 76.6 81.8 84.1 82.7 79.0 68.5 
Phase Angle 27 1 246 229 2 14 199 183 161 

Longitude W52 W27 W 10 EO5 E 20 E36 E 58 
Latitude +32 +26 +20 +15 +09 +04 -02 

5 

Antenna Temp. 68.5 74.2 77.1 76.3 73.3 
Phase Angle 245 224 207 190 173 
Lati tude +44 +37 +30 +25 +19 

E 29 E 4 6  Longi tude W26 W05 E12 

6 

Antenna Temp. 54.9 61.1 57.7 

La ti tude +58 +49 +42 
Longitude EO3 E25 E 45 

Phase Angle 216 194 174 7 



DAILY !?EPOR? 

LUNAR OBSERVl NG PROGRAM 

CONTRACT NO. NASw -593 

Date: January 18, 1964 

Time of Observation : 

From 1415 EST To 1545 EST 

Number of Scans: 7 

Beginning and Ending RA: 23h 09m 15' 

23h 12m 56' 

Beginning and Ending Declination: -10' 29' 12" 

-loo 11' 40" 
h 

Beginning and Ending Hour Angle: E 00 49m 55' 

w OOh 37m los 

Time of Meridional Crossing: 1500 EST 

Solar Declination: -20' 46' 40" 

Solar Colongitude: 322O 

REMARKS 
~ ~~~ ~ 

Declination error i s  9' 08" South of Ephemeris reading. 

Observer: N. Guido 

Lunar Phase: 232' 

Polar Axis T i l t  Angle: 337,4O 

Angular Size of Moon: 31 07" 

Weather Conditions: Broken overcast 

Temperature (outside) : 39' 

Temperature (radome) : 770 

Relative Humidity: 67% 

Dew Point: 29O 

Declination of Center 
(Dial Reading) -10' 29' 35" 



SCAN 

1 

2 

3 

4 

5 

6 

7 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Long i tu de 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longi tude 

LUNAR CBSERC’ATiGNAL DATA 

Date: January 18, 1964 

A 

70.3 
279 
-39 
w 47 
73.5 
279 
-1 7 
w 47 
71.2 
29 1 
1.04 
w 59 
72.7 
284 
+18 
W 52 

67.1 
283 
+34 
W 51 

69.2 
256 
+45 
W 24 

64.0 
225 
+58 
E 07 

B 
71.7 
260 
-48 
W 28 

80.1 
262 

W 30 

78.4 
269 
-02 
w 37 
82.2 
263 
+12 
W 31 

76.7 
258 
+27 
W 26 

77.5 
235 
+37 
W 03 

67.8 
204 
+48 
E 28 

-23 

C 
67.6 
240 
-58 
W 08 

80.5 
246 
-30 
W 14 

81.3 
253 
-08 
w 21 
85.8 
247 
+06 
W 15 

83.6 
24 1 
+2 1 
W 09 

78.0 
218 
+30 
E 14 

65 .O 
1 85 
+40 
E 47 

D 

76.3 
229 
-37 
E 03 

83.6 
238 

W 06 

87.2 
232 
0 
0 

85.8 
226 
+14 
E 06 

76 .O 
202 
+23 
E 30 

-14 

E 

71.7 
208 
-45 
E 24 

82.2 
223 
-21 
E 09 

84.9 
217 
-06 
E 15 

84.4 
21 1 
+08 
E 21 

73.3 
1 85 
+17 
E 47 

F 

79.4 
206 
-27 
E 26 

83.1 
20 1 
-12 
E 31 

81.7 
195 
1.03 
E 37 

G 

75.3 
181 
-35 
E 51 

77.6 
180 
-18 
E 52 

76,3 
173 
-04 
E 59 



DAi iY REPORT 

LUNAR OBSERVl NG PROGRAM 

CONTRACT NO. NASW-593 

Date: January 19, 1964 

Time of Observation: 

From 1515 EST to 1645 EST 

Number of Scans: 7 

Beginning and Ending RA: Oh 02m 07' 

Oh 05m 155 

Beginning and E d  ing Declination: -05' 21' 53" 

-05O 02' 36" 
h 

Beginning and Ending Hour Angle: E 00 39m 06' 

W OOh 48m 03' 

Time of Meridional Crossing: 1600 EST 

Solar Declination : -20° 34' 42" 

Solar Colongi tude : 335O 

REMARKS 

Declination error i s  6' 07" south of  Ephemeris reading. 

Observer: N. Guido 

Lunar Phase: 245' 

Polar Axis T i l t  Angle: 336.2O 

Angular Size of Moon: 31 ' 24" 

Weather Conditions : Sunny but hazy 

Temperature (outside) : 45O 

Temperature (radome) : 75O 

Relative Humidity: 51% 

Dew Point: 28O 

Declination of Center 
(Dial Reading) -5' 18' 23" 



SCAN 

1 

2 

3 

4 

5 

6 

7 

Antenna Temp. 
Phase Angle 
La t i t ude 
Longitude 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Tempo 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

LUNAR OBSERVATIONAL DATA 

Date: January 19, 1964 

A 

73.3 
293 
-38 
W 4 8  

81 .O 
293 

W 48 

71.7 
304 
+05 
W 59 

72.6 
296 
+19 
W 51 

68.2 
295 
+36 
W 50 

69.3 
267 
+45 
W 22 

60.6 
236 
+58 
E 09 

-16 

B 

70.5 
274 
-47 
W 29 

82.9 
275 
-22 
W 30 

79.5 
282 
-01 
W 37 

81.5 
275 
+13 
W 30 

78.7 
27 1 
+28 
W 26 

74.2 
247 
+37 
w 02 

65.9 
216 
+47 
E 29 

C 

66.2 
255 
-58 
W 10 

83.5 
260 
-29 
W 15 

83.9 
266 
-08 
w 21 

85.1 
259 
-to6 
W 14 

84.9 
253 
+2 1 
W 08 

76.4 
230 
+30 
E 15 

66.8 
197 
+39 
E 4 8  

D 

80 .O 
243 
-37 
E 02 

86.4 
252 

W 07 

88.1 
245 
0 
0 

86.8 
239 
+14 
E 06 

76.9 
215 
+23 
E 30 

-14 

E F G 

76.1 
222 
-45 
E 23 

83.9 
237 
-2 1 
E 08 

86.0 
23 1 
-06 
E 14 

86.4 
224 
-to8 
E 21 

74.9 
197 
+16 
E 4 8  

80 .O 
220 
-2 8 
E 25 

81.6 
215 
-1 3 
E 30 

84.9 
208 
4-02 
E 37 

75.1 
195 

E 50 

74.1 
194 

E 51 

76.3 
186 
-05 
E 59 

-36 

-19 
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Date : January 27, 1 964 

Time of Observation : 

From 2230 EST to 2400 EST 

DAI LY REPORT 

LUNAR OBSERVING PROGRAM 

CONTRACT NO. NASW-593 

Number of  Scans: 7 

Beginning and Ending RA: 7h 54m 13' 

7h 58 Os" 

Beginning and Ending Declination: +22O 14' 55" 

+22O 09' 13" 
h Beginning and Ending Hour Angle: E 00 44m 14' 

W OOh 42m 12' 

Time of  Meridional Crossing: 2315EST 

Solar Declination: - 18" 45' 27" 

Solar Colongitude: 76O 

REMARKS 

Declination error i s  13' 30" North of Ephemeris reading. 

Observer: N. Guido 

Lunar Phase: 346' 

Polar A x i s  T i l t  Angle: 5.70 

Angular Size of Moon: 32' 28" 

Weather Conditions: Hazy sky 

Temperature (outside) : 36' 

Temperature (radome) : 79' 

Relative Humidity: 46% 

Dew Point: 19' 

Dec I !nation of  Center 
(Dial Reading) +22O 25' 37" 



I 
I 
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.LUNAR OBSERVAiiONAL DATA 

Date: January 27, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

90.6 
05 
-56 
W 19 

88.7 
338 
-53 
E 08 

85.9 
312 

E 34 
-50 

Antenna Temp. 
Phase Angle 
La t i tude 
Longitude 

101 
23 
-36 
w 37 

102 
01 
-35 
W 15 

1 00 
342 
-33 
E 04 

97.0 
324 
-30 
E 22 

91.9 
304 
-28 
E 42 

2 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

98,4 
43 
-2 1 
W 57 

106 
19 
-19 
w 33 

108 
0 
-17 
W 14 

107 
344 
-16 
E 02 

104 
328 

E 18 
-14 

96.6 
31 1 
-12 
E 35 

94.3 
313 
+4 
E 33 

94.6 
314 
+19 
E 32 

86.3 
288 
-10 
E 58 

85.9 
292 
+5 
E 54 

83.2 
290 
+2 1 
E 56 

3 

Antenna Temp. 
Phase Angle 
La t i  tude 
Longitude 

102 
40 
-6 
w 54 

110 
18 
-4 
W 32 

110 
02 
-2 
W 16 

107 
346 
0 
0 

101 
330 
+2 
E 16 

4 

Antenna Temp. 
Phase Angle 
Latl tude 
Longitude 

96.6 
44 
+ 1 1  
W 58 

106 
21 
+13 
W 35 

109 
04 
+14 
W 18 

107 
348 
+15 
w 02 

102 
330 
+17 
E 16 

5 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

90.1 
28 
+28 
W 42 

95 .O 
08 
+30 
w 22 

92.1 
350 
+32 
W 04 

88.4 
33 1 
+35 
E 15 

79.9 
310 
+36 
E 36 

6 

64.5 
21 
+50 
W 35 

68.7 
354 
+53 
W 08 

59.4 
327 
+56 
E 19 

7 
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DAILY REPORT 

LUNAR OBSER\./! NG PROGRAM 

CONTRACT NO. NASW-593 

Date : January 31, 1964 Observer: N. Guido 

Time of Observation : Lunar Phase: 23' 

From 01 15 EST To 0245 EST Polar A x i s  T i l t  Angle: 22.78' 

Number of Scans: 7 Angular Size of Moon: 31 ' 26" 

Weather Conditions : C !ear h Beginning and Ending RA: 10 51m 42' 

loh 54m 55s 

Beginning and Ending Declination: +12O 04' 44" Temperature (outside) : 25' 

+11° 47' 44" 

Temperature (radome) : 77O h Beginning and Ending Hour Angle: E 00 43m 18' 

W OOh 43m 16' 

Time of Meridional Crossing: 0200 EST Relative Humidity: 62% 

Solar Declination: -170 42' 27" Dew Point: 15' 

Solar Colongi tude : 113' 

REMARKS 

Declination error i s  3' 37" North of Ephemeris reading. 

Declination of Center 
(Dial Reading) + 1 l 0  59' 52" 



LUNAR OBSERVATIONAL DATA 

Date: Januarv 31" 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

76.3 
15 

E 08 
-58 

81.6 
355 

80.3 
335 
-39 
E 48 

-48 
E 28 

88.3 
47 
-45 
W 24 

95.9 
26 
-37 
W 03 

96.8 
09 

E 14 
-30 

95.1 
353 
-2 3 
E 30 

90.6 
336 

E 47 
-17 2 

106 
02 
-08 
E 21 

99.3 
346 
4 2  
E 37 

101 
352 
+12 
E 31 

98.4 
357 
+27 
E 26 

89.8 
324 
4-04 
E 59 

92.1 
332 
+18 
E 51 

90.3 
333 
+34 
E 50 

87.1 
73 
-35 
W50 

98.4 
49 
-27 
W 26 

106 
32 
-2 1 
W 09 

108 
17 

E 06 
-14 3 

103 
53 
-12 
W 3 0  

106 
38 
-06 
W 15 

106 
08 
4-06 
E 15 

B8.5 
75 
-18 
W 52 

107 
23 
0 
0 

4 

91.2 
82 
-04 
w 59 

105 
14 
+2 1 
E 09 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

103 
60 
4-02 
W 37 

108 
44 
4-08 
w 21 

110 
29 
+15 
W 06 

5 

92 .O 
359 
+45 
E 24 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

96.6 
71 
+17 
W 4 8  

102 
53 
+23 
W 3 0  

102 
37 
+30 
W 14 

98.8 
21 
+37 
E 02 

6 

91.3 
71 
+40 
W 48 

87.6 
52 
+48 
W 29 

84.8 
31 
+58 
W 08 

7 



DAILY REPORT 

LUNAR OBSERVE NG PROGRAM 

CONTRACT NO. NASW-593 

Date : February 3, 1964 Observer: No Guido 

Time of Observation: Lunar Phase: 61' 

From 0330 EST To 0500 EST 

Number of Scans: 7 

&ginning and Ending RA: 13h 19m 34' 

13h 2Zm 24' 

Beginning and Ending Declination: -2' 50' 24" 

-3" 08' 17" 
Beginning and Ending Hour Angle: E 00 h 43m 52' 

w OOh 43m 3 9  

Time of Meridional Crossing: 0415 EST 

Solar Declination: - 16' 51 I 53" 

Solar Colongi tude : 146O 

REMARKS 

Declination error is 3' 20" South of Ephemeris reading, 

Polar A x i s  T i l t  Angle: 22.4O 

Angular Size ot Moon: 30' 02" 

Weather Conditions : Clear 

Temperature (outside) : 18' 

Temperature (radome) : 6 1 

Relative Hjmidity: 36% 

Dew Point: -2' 

Declination of Center 
(Dial Reading) -3O 02' 41" 



SCAN 

1 

2 

3 

4 

5 

6 

7 

Antenna Temp. 
Phase Angle 
Lati tude 
Longl tude 

Antenna Temp. 
Phase Angle 
La ti fude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
a t i  tude 

kongi tude 

Antenna Temp 
Phase Angle 
Latitude 
Long i tu de 

LUNAR OBSERVATIONAL DATA 

Date: February 3, 196.1 

A 

84.0 
55 
-58 
E 06 

82.3 
86 
-45 
W 25 

81 .O 
116 
-34 
W 51 

83.0 
113 

W 52 

82.9 
119 
-04 
W 58 

88.5 
108 
+17 
W 47 

76.4 
107 
+40 
W 4 6  

-17 

B 

89.4 
34 
-48 
E 27 

92.9 
64 

W 03 

95.6 
87 

W 26 

96.7 
92 
-12 
W 31 

96.9 
98 
to3  
W 37 

96.4 
90 
+23 
W 29 

78.2 
88 
+48 
W 27 

-36 

-27 

C 

89 .O 
14 
-40 
E 47 

97.5 
47 
-30 
E 14 

104 
70 
-20 
W 09 

105 
75 
-06 
W 14 

105 
82 
to8 
w 21 
97.8 
73 
+30 
W 13 

70.2 
67 
+58 
W 06 

D 

99.8 
31 

E 30 

107 
55 
-15 
E 06 

108 
61 
0 
0 

108 
67 
+15 
W 06 

96.4 
48 
+37 
E 13 

-23 

E 

95.6 
14 

E 47 

107 
20 
-08 
E 21 

108 
46 
to6 
E 15 

107 
52 
+2 1 
E 09 

90.8 
37 
+47 
E 24 

-17 

F G 

105 
24 
-03 
E 37 

104 
30 
+12 
E 31 

102 
35 
+27 
E 26 

91.9 
02 
4.04 
E 59 

89.4 
09 
+17 
E 52 

88.5 
10 
1-33 
E 51 



~ ~~ 

DAI LY RE PORT 

LUNAR OBSERVING PROGRAM 

CONTRACT NO. NASW-593 

Date: February 4, 1964 

Time of Observation: 

Observer: No Guido 

Lunar Phase: 74' 

From 0415 EST To 0545 EST Polar A x i s  T i l t  Angle: 20.3' 

Number of Scans : 7 Angular Size of Moon: 29' 46" 

Beginning and Ending RA: 14h 06m 1 1 '  

14h 09m 00' 

Weather Conditions: Light overcast 

Beginning and Ending Declination: -70 37' 18" Temperature (outside) : 18' 

-70 54' 02" 

Beginning and Ending Hour Angle: E 00 h 41m 20' Temperature (radome) : 68' 

w OOh 46m 43s 

Time of Meridional Crossing: 0500 EST Relative Humidity: 60% 

So I a r De c 1 i na t ion : - 16' 34' 25" ~ e w  Point: 70 

Solar Colongitude: 159O Declination of Center 
(Dial Reading) -7' 51 58" 

REMARKS 

Declination error i s  6' 17" South of Ephemeris reading. 
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e 
LUNAR OBSERVATIONAL DATA 

Date: Febairarv 4, 1964 

SCAN 

1 

A B C D E F G 
Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

77.5 
71 
-58 
E 03 

85 .O 
49 
-49 
E 25 

84.0 
29 

E 45 
-4 1 

Antenna Temp. 
Phase Angle 
La t i  tu de 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

83.1 
100 
-44 
W 26 

92.6 
79 
-36 
W 05 

98.5 
62 

E 12 
-36 

99.6 
45 
-24 
E 29 

98.1 
27 

E 47 
-1 8 2 

77.2 
126 
-32 
W 52 

89.3 
10 1 
-26 
W 27 

101 
84 
-20 
w 10 

106 
68 
-15 
E 06 

107 
53 
-09 
E 21 

105 
37 
+04 
E 37 

93.3 
15 
-to2 
E 59 

3 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

76.4 
126 

W 52 
-17 

89.5 
105 
-1 1 
W 31 

96.1 
89 
-06 
W 15 

101 
74 
0 
0 

100 
59 
+05 
E 15 

96.6 
43 
+11 
E 31 

90.1 
22 
+17 
E 52 

75.3 
133 
-02 
w 59 

89.4 
1 1 1  
to4 
W 37 

96.5 
95 
4-09 
w 21 

100 
79 
+15 
W 05 

102 
64 
+20 
E 10 

1 00 
46 
+26 
E 28 

83.8 
23 
+32 
E 51 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

84.4 
121 
+18 
w 47 

88.9 
103 
+25 
W 29 

90.5 
86 
+30 
w 12 

88.9 
69 
+37 
E 05 

83.4 
48 
+44 
E 26 

6 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

70.4 
119 
+42 
w 45 

74.6 
1 00 
+49 
W 26 

66.8 
77 
+58 
W 03 

7 



DA% LY REPORT 

LUNAR OBSERVl NG PROGRAM 

CONTRACT NO. NASW-593 

Date: February 5, 1964 Observer: N. Guido 

Time of  Observation: Lunar Phase: 87' 

From 0500 EST To 0630 EST Polar Axis T i l t  Angle: 17,4' 

Number of  Scans: 7 Angular Size of Moon: 29' 37" 

Beginning and Ending RA: 14h 52m 59' 

14h 55m 51' 

Weather Conditions : Cloudy 

Beginning and Ending Declination: -12' 00' 58" Temperature (outside) : 39' 

-12' 15' 59" 

Temperature (radome) : 73O h Beginning and Ending Hour Angle: E 00 39m 05' 

W OOh 48m 20' 

Time of Meridional Crossing: 0545 EST Relative Humidity: 51% 

Solar Declination: -16O 16'40" Dew Point: 2 3" 

Solar Colongitude: 171O 

REMARKS 

Declination error i s  7' 21 'I South of Ephemeris reading. 

Declination of Center 
(Dial Reading) -12' 15' 50" 



LUNAR OBSERVATIONAL DATA 

Dote: 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

50.7 
91 

66.6 
66 

E 21 
-5 1 

67.6 
45 
-45 
E 42 

-58 
W 04 

70.4 
117 

W 30 
-42 

83.1 
77 
-3 1 
E 10 

86.2 
60 
-26 
E 27 

83.1 
41 
-2 1 
E 4 6  

77.4 
95 
-36 
W 08 

2 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

71.7 
141 
-28 
w 54 

85.5 
116 

W 29 
-24 

93.6 
99 
-19 
w 12 

96.4 
83 
-15 
E 04 

96.8 
68 
-1 1 
E 19 

96.4 
51 
-07 
E 36 

87.8 
28 
-03 
E 59 

3 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

75.8 
140 - 13 

84.9 
118 

W 31 
-09 

90.6 
1 02 
-04 
W 15 

94.9 
87 
0 
0 

95.8 
72 
+05 
E 15 

94.5 
56 
+09 
E 31 

87.7 
34 
+13 
E 53 

4 
w 53 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

73.1 
146 
+02 
w 59 

87.3 
124 
+06 
w 37 

93.6 
107 
+ 1 1  
w 20 

95.9 
92 
+15 
W 05 

96.4 
76 
+20 
E 1 1  

94.0 
58 
+24 
E 29 

81.2 
34 
+29 
E 53 

5 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

79 .O 
133 
+22 
W 4 6  

86.7 
114 
+26 
W 27 

88.2 
97 
+3 1 
w 10 

88.2 
79 
+36 
E 08 

80.4 
57 
+42 
E 30 

6 

56.2 
83 
+59 
E 04 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

53.8 
129 
+45 
W 42 

59.5 
108 
+5 1 
w 21 

7 
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DA 1 LY RE PORT 

LUNAR OBSERVl NG PROGRAM 

CONTRACT NO. NASw-593 

Date: February 6, 1964 

Time of Observation: 

From 0545 EST To 0715 EST 

Number of Scans: 7 

Beginning and Ending RA: 15h 40m 47' 

15h 43m 44s 

Beginning and Ending Declination: -15" 52' 33" 

-16' 05' 22" 
Beginning and Ending Hour Angle: E 00 h 37m 47' 

w OOh 49m 33s 

Time of Meridional Crossing: 0630 EST 

So I a r De c I i nation : -15" 58' 38" 

Solar Colongitude: 183O 

REMARKS 

Declination error i s  8' 54" South of Ephemeris reading. 

Observer: No Guido 

Lunar Phase: 99" 

Polar Axis Tilt Angle: 13.8' 

Angular Size of Moon: 29' 32" 

Weather Conditions: Clear 

Temperature (outside) : 28' 

Temperature (radome) : 79' 

Relative Humidity: 94% 

Dew Point: 27O 

Declination o f  Center 
(Dial Reading) -16' 07' 53" 
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LUNAR OBSERVATIONAL DATA 

Date: February 6, 1964 

SCAN A 6 C D E F G 
Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

1 
74.0 
105 

W 06 
-58 

82.0 
80 
-5 1 
E 19 

84.0 
57 
-45 
E 42 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

2 
79.9 
1 29 
-4 1 
W 30 

89.7 
107 
-36 
W 08 

95.6 
90 
-32 
E 09 

97.0 
72 

E 27 
-27 

97.5 
53 
-2 3 
E 4 6  

Antenna Temp. 
Phase Angle 
Latitude 
Long; tude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

3 

4 

5 

79.5 91.1 
128 

W 29 
-24 

99.1 
111 
-19 
w 12 

103 
95 
-15 
E 04 

104 
79 
-1 1 
E 20 

104 
63 
-07 
E 36 

95.4 
40 
-04 
E 59 

. .  

153 
-27 
w 54 

81.9 
1 52 - 1.3 
w 53 

92.5 
131 
-08 
W 32 

98.5 
114 
-04 
W 15 

102 
99 
0 
0 

102 
84 
to4 
E 15 

101 
67 
to0 
E 32 

96.4 
46 
+12 
E 53 

76.7 
157 
-to3 
W 58 

89.8 
136 
+07 
w 37 

95.6 
119 
+12 
W 20 

98.2 
103 
+15 
W 04 

99.2 
87 
+19 
E 12 

98.8 
69 
+24 
E 30 

89.3 
45 
+28 
E54 

Antenna Temp. 
Phcrse Angle 
Lati tude 
Longitude 

6 
82.9 
144 
+23 
w 45 

88.8 
126 
+27 
W 27 

91 .O 
108 
+32 
W 09 

91 .O 
90 
+37 
E 09 

88.4 
69 
+42 
E 30 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

7 
62.4 
140 
+45 
W 41 

66.3 
118 
+52 
W 19 

64.1 
93 
+58 
E 06 



Date: February 10, 1964 

Time of Observation : 

DAILY REPORT 

LL'I":AR OBSERVI NG PR OGRAM 

CONTRACT NO. NASw-593 

From 0845 EST To 10 15 EST 

Number of  Scans: 7 

Beginning and Ending RA: 19h 09m 42' 

19h 13m 04' 

Beginning and Ending Declination: -22' 57' 30" 

-22O 56' 00" 

Beginning and Ending Hour Angle: E 00 h 49m 41' 

W OOh 37m 14' 

0930 EST Time of Meridional Crossing: 

Solar Declination : -14' 43' 49" 

Solar Colongitude : 231.9' 

REMARKS 

Declination error i s  11 '  50" South o f  Ephemeris reading, 

Observers: No Guido 

Lunar Phase: 149' 

Polar A x i s  T i l t  Angle: 354.5O 

Angular Size of Moon: 29' 51 I' 

Weather Conditions: Overcast 

Temperature (outside) : 16' 

Temperature (radome) : 770 

Relative Humidity: 48% 

~ e w  Point: IO 

Declination of Center 
(Dial Reading) -23' 08' 37" 



LUNAR OBSERVATIONAL DATA 

Date: February 10, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

71.7 
1 82 
-5 1 
W 33 

73.2 
157 
-54 
W 08 

71.7 
129 
-56 
E 20 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
La t i  tude 
Longitude 

75.7 
192 
-28 
W 4 3  

80.1 
171 
-30 
W 22 

82.1 
153 
-33 
W 04 

81.6 
1 34 
-35 
E 15 

79.1 
113 
-36 
E 36 

2 

73.7 
207 
-10 
W 58 

80.8 
1 84 
-13 
W 35 

86.5 
167 

W 18 
-14 

89.5 
151 
-15 
W 02 

88.9 
134 

E 15 
-16 

88 .O 
117 
-18 
E 32 

81.8 
95 
-20 
E 54 

3 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

72.5 
203 

81.6 
181 
4-04 
W 32 

87.2 
165 
+02 
W 16 

89.1 
1 49 
0 
0 

89.1 
133 
-02 
E 16 

87.2 
116 
-04 
E 33 

03.6 
95 
-05 
E 54 

4 4-05 
w 54 

Antenna Temp. 
Phase Angle 
La t i  tude 
Longitude 

68 .O 
205 
+2 1 
W 56 

78.5 
181 
+19 
W 32 

83.4 
163 
+17 
W 14 

87.0 
1 47 
+16 
E 02 

88.0 
131 
+14 
E 18 

85.5 
114 
+13 
E 35 

79.4 
91 
+11 
E 58 

5 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

70.9 
1 85 
+36 
W 36 

76.4 
156 
+35 
W 15 

79.4 
145 
+33 
E 04 

80 .O 
127 
+3 1 
E 22 

77.5 
107 
+29 
E 42 

6 

Antenna Temp. 
Phase Angle 
La t i tude 
Longitude 

59.5 
160 
+56 
W 19 

65 .O 
141 
+53 
E 08 

64.4 
115 
+5 1 
E 34 

7 



DAILY REPORT 

LUNA! OBSERVl NG PROGRAM 

CONTRACT NO. NASw-593 

Date: February 1 1 ,  1964 

Time of  Observation: 

From 0945 EST To 1 1  15 EST 

Number of  Scans: 7 

Beginning and Ending RA: 20h 05m 58' 
20h 09m 21' 

Beginning and Ending Declination: -21° 57' 21" 
-21° 51' 21" 

h 
Beginning and Ending Hour Angle: E 00 4lm 355 

WOOh 45rn 1 9 "  
1030 EST Time o f  Meridional Crossing: 

Solar Declination: -14' 24' 29" 

Solar Colongitude: 244' 

REMARKS 

Declination error i s  1 1  45" South of Ephemeris reading. 

Observer: 61. Guido 

Lunar Phase: 161' 

Polar Axis Tilt Angle: 349.4O 

Angular Size of Moon: 30' 06" 

Weather Conditions: Cloudy, fore- 

cast for snow in  the afternoon. 

Tempe rature (outside) : 2 1 

Temperature (radome) : 79' 

Re lati ve Hurni di ty : 48% 

Dew Point: 6' 

Declination of  Center 
(Dial Reading) -22O 06' 08" 



LUNAR OBSERVAK IONAL DATA 

Date: February 11, 1364 

SCAN 

1 

A B C D E F G 

72.2 
175 

72.8 
148 

71.2 
123 

E 38 
-48 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

-57 
W 14 

-53 
E 13 

82.9 80.8 
137 117 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

79.8 
195 
-38 
w 34 

85 .O 
173 
-35 
W 12 

86 .O 
155 

2 -29 
E 24 

-26 
E 4 4  

-32 
E 06 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

75.4 
216 
-24 
w 55 

84.8 
193 
-2 1 
W 32 

90 .O 
175 

W 14 
-1 8 

91.2 
158 

E 03 
-1 6 

91.2 
143 

E 18 
-1 3 

88.5 
125 

84.8 
103 

3 -10 
E 36 

-07 
E 58 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

74.8 
215 
-0s 
w 54 

83 .O 
193 
-05 
W 32 

87.7 
177 
-03 
W 16 

89.8 
161 
0 
0 

89.3 
1 45 
4.03 
E 16 

84.6 
129 
4.05 
E 32 

81 .O 
107 

4 4 8  
E 54 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

71.8 
219 
4-07 
W 58 

82 .O 
197 
+10 
W 36 

86.6 
1 79 
+13 
W 18 

88.1 
164 
+16 
W 03 

88.6 
148 
+18 
E 13 

87.1 
1 29 

80.5 
106 
+24 
E 55 

5 +2 1 
E 32 

73.3 
205 
+26 
w44 

78.6 
185 
+29 
W 24 

82.2 
167 
+32 
W 06 

81.7 
1 49 
+35 
E 12 

79.1 
127 
+38 
E 34 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

6 

61.3 
198 
+49 
w 37 

65 .O 
174 
+53 
W 13 

62.8 
148 
+57 
E 13 

7 



DACLY REPORT 

LUNAR OBSERV! NG PROGRAM 

CONTRACT NO. NASW-593 

Date: February 12, 1964 

Time of Observation: 

From 1030 EST To 1200 EST 

Number of Scans: 7 

h 
Beginning and Ending RA: 21 O l m  40' 

21h 05" 02' 

Beginning and Ending Declination: -19' 44' 46" 

-19' 34' 29" 
h 

Beginning and Ending Hour Angle: E 00 49m 02s 

W OOh 37m 48' 

Time of Meridional Crossing: 1115 EST 

Solar Declination : - 14" 04' 54" 

Solar Co longi tude : 256 3" 

REMARKS 

Declination error i s  12' 06" South of Ephemeris reading, 

Observer: No Gwido 

Lunar Phase : 174' 

Polar Axis T i  t Angle: 344.8' 

Angular Size of Moon: 30' 42'' 

Weather Conditions : C !ear 

Temperature (outside) : 36' 

Temperature (radome) : 770 

Relative Humidity: 38% 

Dew Point: 15" 

Declination of Center 
(Dial Reading) -19" 51' 45" 



LUNAR OBSERVATIONAL DATA 

Date: February 12, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

70.2 
216 
-45 
W 42 

67.6 
194 
-5 1 
W 20 

64.0 
169 

E 05 
-58 

Antenna Temp, 
Phase Angle 
La t i  tude 
Longitude 

79.7 
2 19 
-22 
w 45 

85.1 
20 1 

85.1 
183 
-3 1 
W 09 

83.4 
166 
-36 
E 08 

79.2 
1 44 
-4 1 
E 3 0  

-26 
W 27 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

76.3 
233 
-03 
w 59 

85.3 
21 1 
-07 
w 37 

90.1 
194 
-1 1 
W 20 

91.6 
178 
-15 
W 04 

90.1 
163 

E 11 
-19 

89.5 
1 45 

E 29 
-24 

81.6 
120 
-28 
E 54 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

72.5 
227 
+13 
w 53 

81.3 
206 
4-08 
W 32 

84.4 
189 
4-04 
W 15 

85.9 
174 
0 
0 

85 .O 
159 
-04 
E 15 

82.9 
1 42 
-08 
E 32 

77.7 
12 1 
-12 
E 53 

4 

Antenno Temp. 
Phase Angle 
Lati tude 
Longitude 

70.4 
228 
+28 
w 54 

82.5 
203 
+24 
W 29 

86.2 
1 85 
+19 
w 11 

90.4 
1 70 
+15 
E 04 

88.8 
154 
+11 
E 20 

86.7 
137 
4-07 
E 37 

80.4 
115 
4-03 
E 59 

5 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

69.7 
204 
+4 1 
W 30 

76.4 
1 82 
+36 
W 08 

78.4 
165 
+3 1 
E 09 

79.9 
1 44 
+26 
E 27 

76.4 
129 
+22 
E 45 

6 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

56.3 
179 
+58 
W 05 

62.6 
154 
+5 1 
E 20 

58.4 
133 
+45 
E 41 

7 



Date: February 13, 1964 

Time of  Observation: 

DAB LY REPORT 

LUNAR OBSERVl NG PROGRAM 

CONTRACT NO. NASW-593 

From 1130 EST to 1300 EST 

Number of Scans: 7 

h 
Beginning and Ending RA: 21 57m 14' 

22h OOrn 

Beginning and Ending Declination: -16O 22' 22" 

-16' 08l 15" 
h Beginning and Ending Hour Angle: E 00 40" 27' 

W OOh am 23' 

1215 EST Time of Meridional Crossing: 

Solar Declination : - 13' 45' 05" 

So lar Colongi bude : 268 5O 

REMARKS 

Declination error i s  10' 58" South of Ephemeris reading. 

Observer: No Guido 

Lunar Phase: 186' 

Polar A x i s  T i l t  Angle: 340,9O 

Angular Size of Mson: 31' 01" 

Weather Conditions: Overcast, 

forecast snow and rain, 

Temperature (outside) : 45' 

Temperature (radome) : 77O 

Relative Humidity: 31% 

Dew Point: 18' 

Declination of Center 
(Dial Reading) -16O 26' 18" 



LUNAR OBSERVATIONAL DATA 

Date: February 13, 1964 

SCAN 

1 

A B C D E F G 

Antenna Tempo 
Phase Angle 
Latitude 
Longitude 

73.3 
23 1 
-43 
w 45 

73.3 
210 
-50 
W 24 

70.3 
188 
-59 
w 02 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

74.3 
2 33 
-19 
w 47 

80.1 
215 
-25 
W 29 

81.6 
198 
-30 
w 12 

79.1 
181 
-37 
E 05 

78.2 
159 
-43 
E 27 

2 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

69.4 
245 
t o 1  
w 59 

81.3 
223 

85.3 
206 
4 9  
W 20 

85.3 
191 

W 05 
-15 

84.3 
176 
-20 
E 10 

82.8 
158 

E 28 
-26 

77.8 
134 

E 52 
-32 3 -04 

w 37 

77.6 
238 
+16 
W 52 

86.4 
217 
+10 
W 31 

93.1 
1 86 
0 
0 

92 .O 
171 
-05 
E 15 

90 .O 
155 
-10 
E 31 

82.8 
134 

E 52 
-16 

90.5 
20 1 
+-5 
W 15 

4 

84.6 
181 
+15 
E 05 

83.1 
166 
+10 
E 20 

81.6 
1 49 
4.04 
E 37 

73.4 
127 
-01 
E 59 

Antenna Temp. 
Phase Angle 
La t i  tu de 
Longitude 

66.2 
238 

W 52 
+32 

77.5 
214 
+26 
W 28 

82.6 
196 
+20 
w 10 

5 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

69.3 
213 
+43 
W 27 

73.5 
191 
+37 
W 05 

74.6 
174 
+3 1 
E 12 

75.6 
157 
+25 
E 29 

75.1 
139 
+20 
E 47 

6 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

54.9 
185 
+59 
E 01 

60.1 
162 
+50 
E 24 

55.4 
141 
+43 
E 45 

7 
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DABLY REPORT 

LUNAR OBSERVB NG PROGRAM 

CONTRACT NO. NASW-593 

1 
E 
1 
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Date: February 15, 1964 Observer: No Guido 

Time of Observation: Lunar Phase: 218' 

From 1300 EST to 1430 EST Polar Axis T i l t  Angle: 336.4' 

Number of Scans: a Angular Size of Moon: 31 35" 

Beginning end Ending RA: 23h Mrn 17' 

23h 47rn 29' 

Weather Conditions: Clear 

Beginning and Ending Declination: -7" 03' 30" Temperature (outside): 38' 

-6" 44l 13" 

Temperature (radome) : 80° h Beginning and Ending Hour Angle: E 00 49m 18$ 

WOOh 39m 47s 

Time of Meridional Crossing: 1345 EST Relative Humidity: 50% 

Solar Declination: -13O 04' 46" Dew Point: 22O 

Solar Colongitude : 292 9" 

REMARKS 

Declination of Center 
(Dial Reading) -7" 01 I 09" 

Declination error i s  7' 17" South of Ephemeris reading. 



LUNAR OBSERVATIONAL DATA 

Date: February 15, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

74.3 
266 
-38 
W 4 8  

73.3 
247 
-47 
W 29 

70.4 

W 10 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

78 .O 
266 
-16 
W4% 

82 -3 
248 
-22 
W 30 

83.7 
233 
-29 

80.9 
216 
-37 
E 02 

76.6 
195 
-45 
E 23 

2 
W 15 

Antenna Temp. 
Phase Angle 
Lati t3de 
Longitude 

70.4 
277 
+05 
W 59 

77.0 
255 
-01 
W 37 

82.7 
239 
-08 
w 21 

85,6 
225 

84.2 
210 
-2 1 
E 08 

81.3 
193 

E 25 
-28 

75.7 
168 
-36 
E 50 

3 -14 
W 07 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

68.4 
269 
+19 
W 51 

78.3 
248 
+13 
W 30 

84.6 
232 

86.4 
218 
0 
0 

84.0 
204 
-06 
E 14 

80.7 
188 
-13 
E 30 

68.8 
167 

E 51 
-19 4 +06 

W 14 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

66.2 
2.68 
+36 
W 50 

77.0 
244 
+28 
W 26 

83.5 
226 
+2 1 
W 08 

85.8 
212 
+14 
E 06 

84.9 
197 
4-08 
E 21 

81 .O 
181 
4-02 
E 37 

75.5 
159 
-05 
E 59 

5 

Antenna Temp. 
Phase Angle 
Lati tude 
Long; tude 

69.4 
240 
+45 
w 22 

76.6 
220 
+37 
w 02 

77.7 
203 
t-30 
E 15 

79.2 
188 
+23 
E 30 

76.6 
1 70 
+16 
E 4 8  

6 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

63.1 
209 
+58 
E 09 

70.2 
1 89 
+47 
E 29 

67.6 
1 70 
+39 
E 4 8  

7 



DABLX REPORT 

LUNA!? OBSERV! NG ?ROGP,AM 

CONTRACT NO. NASW-593 

Date: February 17, 1964 Observer: 61, Guido 

Time of Observation: Lwnar Phase: 2 3 p  

From 1445 EST to 1615 EST Polar A x i s  T i l t  Angle: 3370 

Number of Scans: 7 Angular Size of Moon: 31 I 59" 

Weather Conditions: Clear ka Beginning and Ending RA: 1 30m la" 

lh 33m 31' 

Beginning and Ending Declination: +4' 03' 39" 

+4' 23' 53" 

Beginning and Ending Hour Angle: E 00 42m 03' 

Temperature (outside) : 30' 

Temperature (radome) : 72' h 

w OOh 45m 0 l S  

Time of Meridional Crossing 1530 EST Re lati ve H umidity : 46% 

Solar Declination: -12' 23l 37" Dew Point: 1 4" 

Solar Colongitude: 3170 

REMARKS 

Declination of Center 
(Dial Reading) +4O 13' 31" 

Declination error i s  0' 15" South of Ephemeris reading, 



LUNAR OBSERVATIONAL DATA 

Date: February 17, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
Latitude 
Longi tu& 

283 
-40 
W 4 6  

265 
-48 
W 28 

243 

W 06 
-58 

Antenna Tempo 
Phase Angle 
La ti tude 
Longitude 

76.3 
284 
-17 
w 47 

80.5 
267 
-23 
W 30 

82 .O 
25 1 
-30 
W 14 

79.2 
234 
-37 
E 03 

73.6 
2 12 
-45 
E 25 

2 

78.2 
21 1 

73 .O 
187 
.-3 4 
E 50 

Antenna Tempo 
Phase Angle 
Latitude 
Longitude 

70.7 
296 
4-04 
w 59 

75.8 
274 
-02 
W 37 

80.1 
258 
-08 
W 21 

82.4 
243 
-14 
W 06 

81.5 
228 
-20 
E 09 

3 -26 
E 26 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

73.9 
289 
+18 
W 52 

79.6 
268 
+12 
W 31 

82.4 
252 

84.8 
237 
0 
0 

83.8 
222 
-06 
E 15 

80.5 
206 
-12 
E 31 

76.3 
185 

E 52 
-1 8 4 +06 

W 15 

Antenna Temp. 
Phcke Angle 
La t i  tude 
Longitude 

52.3 
287 
+34 
W 5 0  

65.5 
263 
+27 
W 26 

71.6 
246 
+2 1 
W 09 

75.8 
23 1 

73.9 
216 
+08 
E 21 

67.8 
200 
4-02 
E 37 

50.4 
178 
-04 
E 59 

5 +15 
E 06 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

65 .O 
26 1 
+45 
W 24 

71.7 
240 
+37 
W 03 

73.7 
223 
+30 
E 14 

73.7 
207 
+23 
E 30 

70.3 
189 
+17 
E 4 8  

6 

49.2 
229 
+58 
E 08 

55.5 
209 
+48 
E 28 

53.6 
189 
+40 
E 4 8  

7 



DAILY REPORT 

LUNAR OBSERV! NG PROGRAM 

CONTRACT NO. NASW-593 

Date: February 18, 1964 Observer: 61, Guido 

Time ob Observation: Lunar Phase: 250' 

From 1530 EST to 1700 EST BOEQP Axis T i l t  Angle: 339* 

Number of Scans: 7 Angular Size of Moon: 32' 07" 

Beginning and Ending RA: 2h 2dm 16' 

Zh 27m 355 

Weather Conditions: High Overcast 

Beginning and Ending Declination: +9' 29fl 12" Temperature (outside) : 3a" 

+so488 10'' 

Beginning and Ending Hour Angle: E 00 h 46" 55' Temperature (radome) : 78" 

w OOh 40" 02s 

Time of Meridional Crossing: 1615 EST Relative Humidity: 53% 

Solar Declination: - 12" 02 44" Dew Point: 22O 

Solar Co longitude : 329 5' 

REMARKS 

Declination of Center 
(Dial Reading) +9O 40' 35" 

Declination error i s  1 ' 53" North of Ephemeris reading, 



LUNAR OBSERVATIONAL DATA 

Date: February 18, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
La t i  tude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

69.7 
296 
-4 1 
W46 

68.8 
276 
-49 
W 26 

65.3 
254 
-58 
w Od 

78.8 
297 
-18 
w 47 

81.8 
279 
-24 
w 29 

81 .O 
263 

W 13 
-30 

78.4 
246 
-36 
E 04 

73.9 
224 2 -44 
E 26 

Antenna Temp. 
Phase Angle 
b t l tude 
Longitude 

77.5 
309 
4-03 
W 59 

81.1 
287 
-03 
W 37 

83.3 
27 1 
-09 
W 21 

84.7 
256 
-15 
W 06 

84.1 
241 
-20 
E 09 

79.3 
223 
-27 
E 27 

75.7 
199 
-33 
E 51 

3 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

73.7 
302 
i t  7 
W 52 

78.3 
28 1 
+11 
W 31 

80.9 
265 
4-05 
W 15 

82.2 
250 
0 
0 

80.8 
236 
-06 
E 14 

78.7 
219 
-1 1 
E 31 

74.2 
198 

E 52 
-17 4 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

73.6 
301 
+33 
W 51 

79.6 
277 
+26 
W 27 

81.1 
259 
+2 1 
W o 9  

82.9 
244 
+15 
E 06 

82.9 
229 
4-09 
E 21 

79.7 
213 
4.04 
E 37 

76.6 
191 
-03 
E 59 

5 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

70.4 
275 
+44 
W 25 

75 .O 
254 
+37 
W 04 

76.4 
237 
+30 
E 13 

75.4 
22 1 
+24 
E 29 

73.1 
204 
+18 
E 4 6  

6 

63 .O 
246 
+58 
E 04 

67.1 
224 
+49 
E 26 

67.1 
205 
+4 1 
E 45 

7 
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DAILY REPORT 

LUNAR OBSERVING PROGRAM 

CONTRACT NO. NASW-593 

February 2 1, 1964 Observer: N. Guido Date : 

Time of  Observation: Lunar Phase: 288O 

From 1815 EST to 1945 EST Polar A x i s  T i l t  Angle: 357.70 

Number of Scans: 7 Angular Size of Moon: 32' 26" 

Beginning and Ending RA: gh 20" 395 Weather Conditions: Overcast 

gh 24m 255 

EeGinning and Ending Declination: +21° 27' 05" Temperature (outside) : 26' 

+21° 34' 59" 

Beginning and Ending Hour Angle: E 00 h 45m 55' Temperature (radome) : 770 

w OOh 4Om 375 

Time of Meridional Crossing: 1900 EST Relative Humidity: 51% 

- 10' 58' 59" Dew Point: 12O Solar Declination: 

Solar Colongitude: 18.2O 

REMARKS 

Declination of  Center 
(Dial Reading) +21° 41 ' 20" 

Declination error i s  10' 15" North o f  Ephemeris reading. 



LUNAR OBSERVATIONAL DATA 

Date: February 2 1 I 1964 

I 
1 
1 
I 
1 
I 
1 
I 
I 
1 
1 
1 
I 
I 

SCAN 

1 

A B C D E F G 

Antenna Temp, 
Phase Angle 
La t i  tude 
Longitude 

75 .O 
318 
-53 
W 3 0  

72.1 
29 1 
-54 
W 03 

67.1 
263 
-55 
E 25 

Antenna Temp. 
Phose Angle 
Lati tude 
Longitude 

87.4 
328 
-3 1 
W 4 0  

86.9 
308 
-32 
w 20 

82.8 
290 
-32 
w 02 

77.7 
27 1 
-33 
E 17 

73.5 
249 
-34 
E 39 

78.8 
255 

E 33 
-17 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

90.7 
346 
-14 
W 58 

93.5 
323 

92.5 
305 
-15 
W 17 

88.8 
289 
-16 
w 01 

84.1 
272 
-16 
E 16 

73.1 
23 1 

E 57 
-17 -15 

w 35 
Antenna Temp. 
Phase Angle 
La t i  tude 
Long; tude 

90.9 
342 
4.02 
w 54 

95.1 
320 
to2 
W 32 

92.7 
304 
W1 
W 16 

90.5 
288 
0 
0 

85.4 
272 
-01 
E 16 

80.4 
256 
-02 
E 32 

73.9 
234 
-02 
E 54 

4 

Antenna Temp. 
Phase Angle 
Latitude 
Long; tude 

88.3 
346 
+17 
w 58 

93.9 
32 1 
+17 
w 33 

92.1 
304 
+16 
W 16 

853.3 
287 
+ I  5 
E 01 

84.7 
27 1 
+15 
E 17 

80.9 
253 
+14 
E 35 

75.9 
230 5 
+14 
E 58 

Antenna Temp. 
Phase Angle 
Latitude 
Long; tude 

85.6 
326 
+34 
W 38 

83.8 
305 
+34 
W 17 

82 .O 
286 
+33 
E 02 

79.3 
268 

73 .O 
247 
+3 1 
E 41 

6 
+32 
E 20 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

75.9 
312 
+55 
W 24 

71.9 
285 
+54 
E 03 

68.8 
258 
+53 
E 30 

7 



DAILY REPORT 

LUNAR OBSERVING PROGRAM 

CONKRACK NO. NASw-593 

Date: February 22, 1964 Observer: N, Guido 

Time of Observation: 

I From 1915 EST to 2045 EST 

Lunar Phase: 300' 

Polar A x i s  T i l t  Angle: 3.8' 

1 Number of Scans: 7 

h 
Beginning and Ending RA: 6 24m 00' 

gh 27m 4s" 

Beginning and Ending Declination: +22' 56' 02" 

1 
I 

+22O 58' 22'' 
h Beginning and Ending Hour Angle: E 00 45" 06' 

W 00' 41m 21' 

Time of Meridional Crossing: 2000 EST 

Solar Declination: -10' 37B 23" 
I 

Solar Co longi bude : 30' 

REMARKS 

Angular Size of Moon: 32' 13" 

WeatheP Conditions : C [ear 

Temperature (outside) : 21' 

Temperature (radome) : 73O 

Relative Humidify: 56% 

Dew P0int: 9O 

Declination of Center 
(Dial Reading) +23O 09' 06" 

Declination error i s  11 50" North of Ephemeris reading, 



LUNAR OBSERVATIONAL DATA 

Date: February 22, 1964 

SCAN 

1 

A B C D E F G 

Antenna Temp. 
Phase Angle 
La ti tu de 
Longitude 

76.1 
323 
-55 
W 23 

73 .O 
296 
-53 
E 04 

67.6 
270 

E 30 
-52 

Antenna Tempo 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

86.3 
338 
-34 
W 38 

88.2 
317 
-33 
W 17 

84.6 
298 

E 02 
-32 

79.1 
279 
-3 1 
E 21 

73.6 
259 
-30 
E 41 

2 

88.8 
357 
-18 
W 57 

94.8 
333 
-17 
w 33 

94.8 
315 
-16 
W 15 

90.7 
299 
-15 
E 01 

86.1 
283 
-14 
E 17 

78.8 
265 

E 35 
-14 

72.9 
242 
-13 
E 58 

3 

Antenna Tempo 
Phase Angle 
Lati tude 
Longitude 

91 .O 
354 
-02 
W 54 

95.7 
332 

94.1 
316 
-01 
W 16 

90.5 
300 
0 
0 

86.4 
284 
-to1 
E 16 

78.3 
268 
-to1 
E 32 

72.9 
246 
-to2 4 -01 

W 32 E 54 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

91.8 
358 
+13 
W 58 

97.3 
334 

96.3 
317 
+15 
W 17 

93.6 
30 1 
+M 
w 01 

86.9 
204 
+16 
E 16 

80.1 
267 
+17 
E 33 

75.1 
243 5 +14 

w 34 
+l8 
E 57 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

88.8 
34 1 
+3 1 
W 41 

89.2 
320 
+32 
w 20 

87.0 
302 
+33 
w 02 

81.1 
283 
+34 
E 17 

73.9 
262 
+35 
E 38 

6 

Antenna Temp. 
Phase Angle 
La t i  tude 
Longitude 

80.1 
330 
+53 
W 30 

73.9 
304 
+54 
W 04 

68.1 
277 7 +55 
E 23 



I 
' I  

I 
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DAILY REPORT 

LUNAR 0B.SER.W NS PROGRAM 

CONTRACT NO. NASw-593 

Date : February 23, 1964 Observer: Ne Guido 

Time of Observation: Lunar Phase: 31 3' 

From 2015 EST to 2145 EST Polar A x i s  T i l t  Angle: 9.7' 

Number of Scans: a Angular Size of Moon: 32' 06" 

Beginning and Ending RA: 7h 27m 455 Weather Conditions: Clear 

h m s  7 31 33 

Beginning and Ending Declination: +2Z0 498 55" Temperature (outside): 26' 

+22O 45l 56" 

Temperature (radome) : 81' h 
Beginning and Ending Hour Angle: E 00 44m 57' 

W OOh 41" 32' 

Time of Meridional Crossing: 2100 EST Re B at i ve H urn i di ty : 51% 

Solar Declination: -10' 15' 38" Dew Point: 12O 

Solar Co longi tude : 43 0 5O 

REMARKS 

Declination error i s  11 '  44" North of Ephemeris reading, 

Declination of Center 
(Dial Reading) +23O 00' 01 'I 



LUNAR OBSERVATIONAL DATA 

Date: February 23, 1964 

SCAN 

1 

2 

3 

4 

5 

6 

7 

Antenna Tempo 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Long; tude 

Antenna Temp. 
Phase Angle 
Latitude 
Longitude 

Antenna Temp. 
Phase Angle 
Lati tude 
Longitude 

Antenna Temp. 
Phase Angle 
La ti tude 
Longitude 

A 

76.5 
327 

W 14 

88.5 
347 
-38 
w 34 
91.7 
08 
-23 
w 55 
97.4 
07 
-07 
w 54 
94.4 
1 1  
+08 
W 58 

97.1 
356 
+26 
W 4 3  

85.6 
350 
+49 
w 37 

-56 

B 

75.3 
30 1 
-52 
E 12 

92.4 
325 
-35 
W 12 

99.4 
345 
-2 1 
W 32 

101 
345 
-05 
W 32 

79.8 
348 
+ 1 1  
W 35 

97.1 
337 
+29 
W 24 

81.7 
325 
+53 
w 12 

C 

69.5 
276 

E 37 

88.9 
307 

E 06 

100 
326 
-17 
W 13 

100 
328 
-03 
W 15 

101 
33 1 
+14 
W 18 

94.4 
319 
+33 
W 06 

77.6 
299 
+57 
E 14 

-48 

-32 

D 

84.1 
289 

E 24 

97.2 
310 
-15 
E 03 

97.4 
313 
0 
0 

97.9 
316 
+16 
W 03 

89.1 
30 1 
+36 
E 12 

-29 

E 

77.1 
269 
-26 
E 4 4  

92.2 
295 
-1 3 
E 18 

92.9 
297 
a3 
E 16 

92.2 
299 
+18 
E 14 

79.9 
279 
+38 
E 34 

F 

82.8 
277 
-10 
E 36 

86.2 
28 1 
4-05 
E 32 

83.9 
282 
+2 1 
E 31 

G 

75.7 
254 
-07 
E 59 

76.9 
259 
4-07 
E 54 

76 .O 
257 
+23 
E 56 


